A simple procedure for large scale isolation of Solanum tuberosum tuber lectin from potato starch industry waste water has been developed. The procedure employed magnetic chitosan microparticles as an affinity adsorbent. Magnetic separation was performed in a flow-through magnetic separation system. The adsorbed lectin was eluted with glycine/HCl buffer, pH 2.2. The specific activity of separated lectin increased approximately 27 times during the isolation process.
INTRODUCTION
Potato starch is an important product obtained from the potato (Solanum tuberosum) tubers, annual production being 2.49 x 10 6 t [1]. During the potato starch production large amount of processing water is produced, which is usually considered as a waste. However, this waste water contains large amount of various biologically active compounds, originally present in potato tubers, among them patatin, inhibitors of proteolytic enzymes and lectin [2, 3] .
Potato lectin belongs to the lectin family exhibiting specificity for 1,4-β-linked oligosaccharides of Nacetylglucosamine, such as those present in chitin and partially deacetylated chitin (chitosan) [3] . Different affinity chromatography procedures were used for potato lectin isolation, such as those based on immobilized N,N',N''-triacetylchitotriose [4] , N-acetylglucosamine [5] and fetuin [6] . Alternatively trypsinated and glutaraldehyde-fixed rabbit erythrocytes have been used [5] .
In most cases lectin separations were performed in small-scale, using column chromatography of filtered or centrifuged samples. However, alternative separation techniques, that eliminate the need for prior particles removal, are necessary for large scale lectin isolation directly from processing water.
Magnetic separation techniques enable efficient separation of target biologically active compounds and cells from a variety of materials including raw extracts, cultivation media, processing water, blood, body fluids, environmental samples, etc. These techniques have several advantages in comparison with standard separation procedures. This process is usually very simple, with only a few handling steps. All the steps of the purification procedure can take place in one single test tube or another vessel. There is no need for expensive liquid chromatography systems, centrifuges, filters or other equipment. The separation process can be performed directly in crude samples containing suspended solid material. Due to the magnetic properties of magnetic adsorbents (and diamagnetic properties of majority of the contaminating molecules and particles present in the treated sample), they can be relatively easily and selectively removed from the sample. [7] [8] [9] . Recently magnetic affinity adsorbents for potato lectin isolation were prepared from chitosan [10] or ovalbumin and egg white [11] .
In this work a simple and rapid procedure for large-scale, one-step partial purification of potato tuber lectin from starch factory waste water, using magnetic derivative of chitosan as an affinity adsorbent, is described. Flowthrough magnetic separation process was realized using a commercial magnetic separator.
MATERIALS AND METHODS

Materials
Waste water from the potato starch production was obtained in the potato starch factory, Chynov, Czech Republic. Before use, the waste water was passed through a sieve (mesh size 1 mm) to remove possible large particulate impurities. Chitosan (medium molecular weight, 75-85 % deacetylated) was from Fluka, Switzerland while magnetite (iron(II,III) oxide, nominal particle size < 5 μm) was from Aldrich, USA. Bradford reagent was from Sigma, USA. Glutaraldehyde (50% solution, w/v) was from Serva, Germany. Common chemicals were obtained from Lachema, Czech Republic. Mixed EDTA human blood was obtained from the hematology laboratory of a local hospital. Erythrocytes were isolated by centrifugation and washed several times with 0.15 M NaCl. Large volume magnetic separation system Sepmag Q for 500 ml bottles (SEPMAG Q500 ml 2042, precision magnetophoresis system) was from SEPMAG Tecnologies, Spain while flat magnetic separator was from Qiagen, Czech Republic.
Preparation of Magnetic Chitosan Microparticles
Four grams of chitosan were dissolved in 200 mL of 0.2 M acetic acid and then 8 g of magnetite microparticles were added. After thorough mixing an excess of 1 M sodium hydroxide was added to convert solubilized chitosan into insoluble magnetic chitosan gel. The gel was cut into smaller pieces, washed with water several times and then thoroughly homogenized in a standard kitchen mixer. If necessary, the suspension was sieved through a 100 µm sieve. The magnetic microparticles were suspended in 0.1 M phosphate buffer, pH 7.4 (total suspension volume: 500 mL) and then 10 mL of 50 % glutaraldehyde solution were added; the suspension was mixed for 18 hours at room temperature, then washed several times with water and subsequently incubated with 5 mL of ethanolamine for 24 hours and washed with water again.
Flow-Through Magnetic Separation System
The flow-through magnetic separation system (see Fig. 1 ) was composed of Sepmag Q magnetic separator with inserted 500 mL stoppered bottle; the detailed magnetic characteristics and other information can be found at http://www.sepmag.eu/. The suspension of potato waste water and magnetic adsorbent was placed in a plastic container equipped with a valve; the content was mixed and after incubation it was poured into the bottle placed in the magnetic separator through tubing leading to the bottom of the bottle. Magnetic particles were collected at the bottle wall and the magnetic particle-depleted waste water left the bottle through a tubing located at the top part of the bottle. To simplify the separation process, earth gravity was used for suspension flow; its velocity was controlled using a screw clamp. Large-Scale Separation of Potato Lectin 5000 mL of waste water from potato starch industry was mixed with 100 mL of magnetic chitosan particles (the particles settled volume after 24 h of sedimentation at normal gravity) in a 10 L plastic container. The suspension was incubated at room temperature under slow mixing for 1 h. Magnetic adsorbent was separated using a flowthrough magnetic separation system (the flow rate was 1.55 mL s -1 ) and washed seven times with water to remove contaminating proteins. The target lectin was desorbed by one-step elution with 200 mL of 0.2 M glycine/HCl buffer, pH 2.2. After 1 h of incubation magnetic particles were separated using the Sepmag separator. Then pH of the eluate was adjusted to pH 7.3 by the addition of 45 mL 0.2 M Tris/HCl buffer, pH 9.0 and the total volume of the solution was made up to 250 mL with water. This sample was used for the determination of hemagglutination activity and protein content.
To reuse magnetic chitosan adsorbent, the adsorbed proteins were eluted with glycine/HCl buffer (as described above) several times and then the adsorbent was washed thoroughly with water. The regenerated adsorbent was used for the next adsorption/elution process.
Analytical Procedures
Determination of hemagglutination activity (HA) was performed in 96-well U-shaped microtitration plates. A serial two-fold dilution of 50 μL sample was made in 50 μL of 0.15 M NaCl and then 50 μL of 2% (v/v) suspension of native erythrocytes in 0.15 M NaCl was added to achieve a final volume of 100 μL in each well. The titre of hemagglutination activity was evaluated after 1 h incubation at room temperature and expressed as the reciprocal value of the last sample dilution causing visible agglutination. The amount of lectins in the last test well with positive agglutination was defined as 1 HA unit (1HAU). Since the volume of lectin solution added to each well of the agglutination trays is 50 μL, a titer of 1/16, for example, would be 16 units/50 μL or 320 units/mL [11] . Specific lectin activity was defined as the activity in such units per mg of protein. Protein concentrations were determined according to the Bradford method [12] using bovine serum albumin as a standard.
Lectin purity was checked using an FPLC system (Pharmacia, Sweden) which comprised LCC-500 controller and two P500 pumps. The gradient ion exchange chromatography was carried out on a Mono S HR 5/5 column using 0.05 M acetate buffer, pH 4.6, as a mobile phase A, and the same buffer containing 1 M sodium sulphate as a mobile phase B. The flow rate was 1 mL min −1 and 0.5 mL of sample was injected on the column. The elution profile was monitored at 280 nm with diode array detector (Agilent 1100 Series, Agilent, USA).
RESULTS AND DISCUSSION
Potato tuber lectin is a hydroxyproline-rich glycoprotein with N-acetylglucosamine specificity, exhibiting affinity to chitin and chitosan adsorbents. Based on previous experiments, magnetic chitosan particles were prepared and used for large-scale potato lectin separation. Such type of magnetic affinity particles enables both efficient adsorption of the lectin, and simple elution of the adsorbed lectin by the decrease of pH [10] .
Low cost, easy to prepare magnetic chitosan microparticles were used for purification experiments. The particles were easily and rapidly separated in different types of magnetic separators; using Sepmag Q magnetic separator and 500 mL bottle, complete batch separation of magnetic chitosan particles from 2 % (v/v) particles suspension in water was achieved in less then 20 s. The particles diameters ranged between 20 and 100 μm (see Fig. 2 ). Flow-trough magnetic separation system, based on the use of a commercially available magnetic separator Sepmag Q for 500 mL bottles, was used for large scale separation of potato lectin from untreated waste water from potato starch industry. The waste water contained substantial amount of particulate impurities, mainly starch; its content depended on the time of sampling. Separation experiments were performed with 5000 mL of waste water, containing 100 mL (settled volume) of magnetic chitosan microparticles. Lectin adsorbed on collected and washed magnetic chitosan particles was eluted at low pH. Table 1 summarizes the experimental data. As can be seen, 40% of lectin activity was recovered during the isolation process. The specific activity of the purified potato tuber lectin increased about 27 times after the affinity purification step. Ion exchange chromatography was used to check the purity of the separated lectin. Fig. 3 shows the cation exchange chromatography of the crude potato extract and of isolated lectin. It can be clearly seen that substantially purified product was obtained. Large amount of the accompanying compounds (present especially in the first three major peaks) was eliminated during the large scale isolation process. The lectin activity was observed in the peak eluted between 7 and 7.5 min. FIGURE 3 . Fast protein liquid chromatography of original potato starch industry waste water (top) and eluate from magnetic chitosan particles (bottom). The lectin activity was observed in the peak eluted between 7 and 7.5 min.
The separation efficiency of the magnetic separator was high; usually 99 % of magnetic chitosan particles were captured during the flow-through magnetic separation. Magnetic chitosan microparticles could be used at least three times (after simple regeneration step) without changing the separation process.
CONCLUSION
Liter scale process for the separation of potato tuber lectin from waste water of the starch industry, based on the use of magnetic chitosan particles and flow-trough magnetic separation system, has been developed. The described process used 1000-times larger sample volume, in comparison with already described small scale separation [10] and can be further expanded because larger SEPMAG magnetic separation systems (up to 20 L working volume) are currently available. This process enables separation of biologically active compounds from crude materials containing suspended solids. Such a type of separation could also be used for isolation of other biologically active compounds (e.g., proteinase inhibitors) from the same source. Of course, many other important applications of large-scale magnetic separation techniques can be found in biotechnology.
